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The development of rapid, reliable and repro-
ducible methods for the diagnosis of infectious
diseases is a prime objective of the medical
microbiologist. The application and value of the
fluorescent antibody technic for meeting this
objective has been the subject of n nnmbcr of
recent investigations (1—9). In the field of
medical mycology, Eveland, et al. (10), employed
this immunochemical staining procedure in a
study of the distribution of Cryptococcies neofor-
mans and its polysaccharidc breakdown products
in formalin-fiNed tissues. Gordon (11) subse-
quently applied the technic for the differentiation
of Candida albicans and C. tropicalis from other
yeasts and yeast-like organisms. In a later
communication (12), this worker described the
use of the test for the identification of the yeast-
phase cells of Histoplasma capsut at am. Em-
ploying the indirect variation of the fluorescent
antibody procedure, Vogel and Padula (13)
demonstrated the presence of antibodies in sera
of patients with systemic diseases due to H.
capsulatum, C. albicans, Blastom pies dermatitidis,
and C. neoformans. On the basis of the favorable
reports by these workers, it appears that the
fluorescent antibody technic represents a po-
tentially valuable tool for the study and diagnosis
of the mycoses.
One of the few fungus diseases for which a
specific therapeutic agent is available is sporo-
trichosis. Consequently, an accurate diagnosis of
this disorder is of particular importance. Al-
though the clinical picture of this disease is often
highly suggestive of the diagnosis, an unequivocal
diagnosis rests upon the cultured isolation of the
causative agent, Sporotrichnm schenclcii.
S. .schenclcii is a diphasic fungus, appearing in a
mycclial form when cultivated at room tempera-
ture and in a yeast form when grown at 37°C on
rich media. A definitive identification of this
fungus rests upon study of the gross and micro-
scopic characteristics of the two phases. While the
recovery and identification of this organism do
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not, as a rule, present a difficult problem, the
procedures involved arc time consuming. The
rapid method for making a presumptive diag-
nosis of a mycotic disease, by means of the direct
microscopic cNamination of clinical materials, is
of httle value for sporotrichosis. With conven-
tional methods, S. scl,enckii elements are rarely
detected in clinical materials, and, if observed,
may be confused with cellular debris (14). It is
apparent that a rapid, reliable method for
effecting a inycologic diagnosis of this disease
would be of value.
The work of other investigators (2, 3, 9) has
shown that one of the more important applica-
tions of fluorescent antibody tcchnics is in the
rapid identification of pathogenic organisms in
clinical specimens and in culture. These favorable
reports lcd us to investigate the value of this
method for the rapid detection and identification
of S. sc/ienckii.
MATERIALS AND METHOnS
Pie paratioa of antisera. Antigens used for the
production of antisera were prepared from whole
yeast-phase cells of S. schenetcii that had been
grown on brain heart infusion agar (Difco) at 37° C
for six days. Two different strains of the fungus
(Nos. 786-59 and 829-59) were employed for this
purpose. In preparing antigens for immunization,
the growths on the surface of the agar were trans-
ferred with a loop to 30 ml of sterile physiological
saline. To remove large aggregates of spores, the
suspensions were filtered through several layers of
gauze. Then the cells were washed three times
with physiological saline.
Six antisera were prepared for labeling with
the fiuorochrome. Two antisera, identified as 88
1-1 and 88 1-2, were produced by using live cell
antigens; and four antisera, identified as 88 2-1,
88 2-2, 884-1, and 88 4-2, were prepared by using
cells that had been killed with 0.5 per cent
formalin. In preparing both the live and dead
spore antigens, the cells ware packed by centrifu-
gation. the volumes measured, and sufficient
physiological saline added to give a final concen-
tration of 1:100. The turbidity of the spore sus-
penions corresponded approximately to that of
a McFarland No. 5 standard.
Healthy 5 to 7-pound albino rabbits were used
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for the production of the anti-Sporotrichum
schenckii sera. Prior to immunization, each rabbit
was bled aod the normal serum obtained was used
as a control for its corresponding antiserum. The
rabbits immunized with the formalized cell sus-
peosions were inoculated intravenously according
to the schedule employed by Benham (15) for the
genus Candida. One, two, and bye nd were injected
on three consecutive days. This course of inocula-
tions was repeated one and two weeks later, and
the rabhits were bled seven days after the last
injection. The rabbits immunized with the live
spore suspensions were inoculated intravenously,
with two 2 ml doses, three weeks apart. Seven
days following the second injection, the animals
were bled. Both normal and immune sera were
stored in the frozen state at —20°C until con-
jugated with the fluorochrome.
Complement-fixation titers of the sera were
determined by Dr. Joseph Schubert, Commu-
nicable Disease Center, Chamblee, Georgia. The
two immune sera (Nos. 88 1-1 and 88 1-2) which
had been obtained from rabbits inoculated with
live spore suspensions gave titers of 1:128 each.
Three of the immune sera (Nos. 58 2-2, 85 4-1
and 88 4-2) which had been obtained from rabbits
immunized with formnlin-killed cells gave titers
of 1:256 each; one (No. 88 2-1) was anticomple-
mentary. Five of the normal sera were negative,
and one was anticomplementary.
Preparation of labeled globulins. The globulin
fractions of all six antisera and the six normal sera
were obtained by three successive preeipitations
with half-saturated ammonium sulfate. The
globulins were then dissolved in distilled water
and dialyzed in the cold (0 to 5° C) against 0.85
per cent saline until free of sulfate as determined
with BaCh. The protein content of each globulin
solution was determined by the biuret method
and adjusted with physiological saline to a con-
centration of 1 gram per cent. Fluorescein iso-
thiocyanate, obtained from Baltimore Biological
Laboratories and Dr. Morris Goldman, Commu-
nicable Disease Center, Chamblee, Georgia, was
used in preparing globulin conjugates by a modifi-
cation of the Marshal, et al. (16) technique. The
fluorescein isothiocyanate powder was slowly
added to the chilled globulin solutions (0 to 5° C)
buffered at pH 9.0 (carbonate-bicarbonate buffer)
in the proportion of 0.05 mg/mg protein. The
resulting mixture was shaken overnight in the
cold (0 to 5° C), and then dialyzed at 0 to 5° C
against phosphate-buffered saline (pH 7.2) for
6 to 10 days to remove uncombined fluorescein
compounds. A precipitate which had formed in
the labeled globulin solutions was removed by
centrifugation. To reduce nonspecific staining,
all conjugates were absorbed twice with hamster
liver powder, in accordance with the method
described by Coons, et at. (17). Merthiolate
(1:10,000) was added to each labeled globulin as
a preservative. All conjugates were then stored
at 0 to 5° C.
Application of the conjugates. Smears cf fungus
cultures for staining were made from suspensions
of the organisms in distilled water. Smears of
purulent exudate from pathologic prccesses in
animals and humans were made directly on slides.
All such preparations were allowed to air-dry;
then they were fixed by heat.
The staining procedure was carried out by
covering smears with labeled globulins and al-
lowing them to stand for 30 minutes at 37° C in
a moist chamber. Following this treatment, the
stained preparations were rinsed in saline for 10
minutes, then in distilled water for 5 minutes,
and carefully blotted dry. A drop of mounting
tluid, consisting of one part phosphate-buffered
saline (pH 7.2) and nine parts C. P. glycerine,
was placed on each smear and covered with a
cover slip.
Prior to use, each lot cf fluorescein-laheled
immune globulin was titrated with two strains of
S. schenckii. The highest dilution of conjugate
giving brilliant fluorescence was used in routine
staining. Each corresponding normal conjugate
was used at the same dilution. The dilutions were
made with phosphate-buffered physiological
saline (pH 7.2).
During the course of the study, working con-
jugates were centrifuged periodically (approxi-
mately once each week) to remove precipitates
that had formed spontaneously. The presence of
such precipitates was found to produce fluorescent
artifacts and to interfere with reading of results.
Fungi stained. Smears of both the yeast and
mycelial phases of eight strains of S .schenrlrii
were stained with each conjugate. The following
heterologous organisms were also tested with all
conjugates: the yeast and mycelial phases of five
strains of B. dermatitidis, three of B. brasiticnsis,
seven of H. rapsutatum, and two of H. duboisii.
In addition, six strains of C. aibirans, one strain
each of C. stetlatoidea, C. tropireles, C. pseudo-
tropicates, C. parepsilesis, C. krusei , C. purakrusei,
and C. gaillermoadii, two strains of Trichosporon
cutaneurn, two strains of Geotrirhum randidnm
(yeast-like variety), two strains of C. caadidumn
(fluffy variety), three strains of C. neoformans, one
of C. terres, three of Rhodotoruta sp., one of Sac-
charorugrcs cererisiac, two of Corcidioides immitis,
one of Cephalosporium sp., and two of Pullularia
pullulaas were tested.
Clinical materials stained. Experimental in-
fections were induced in mice by intratesticular
inoculation with 0.3 ml of suspensions of both the
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yeast and mycelial phases of S. schenckui strains
employed in this study. Two weeks later the mice
were sacrificed and smears of purulent material
from the inoculated testes were stained.
Smears of lesion exudates from four culturally
confirmed human cases of naturally acquired
sporotrichosis were stained. Smears from three
of the cases were kindly submitted by Dr. A.
Gonzales-Ochoa, Instituto de Salubridad y En-
fermedades Tropicales, Mexico D. F., Mexico.
In addition, smears of lesion exudates from a
suspected case of sporotrichosis were tested.
Controls employed. The following controls were
employed to determine the specificity of staining
with the fluorescent antibody: at the time prepara-
tions were stained with the labeled antibody,
duplicate smears were stained with the corre-
sponding conjugate prepared from pro-immune
sera; in addition, all preparations were examined
in an unstained state.
To further confirm the specificity of staining
reactions of conjugates, the one-step inhibition
Lest, as described by Goldman (18), was employed.
This procedure consists of comparing the fluo-
rescence of organisms stained with a mixture of
equal parts of undiluted labeled antiglobulins
and unlabeled normal serum with the fluorescence
of organisms stained with a mixture of equal parts
of undilnted labeled antiglobulins and unlabeled
antiserum. A final control was also employed in
which the labeled antiglobulins were absorbed for
30 minutes at 37°C with an equal volume of viable
cells of S. srhenckii. The fungal elements used for
absorption were removed by high-speed centrifu-
gation, and the staining properties of the absorbed
conjugates were compared with those of
unabsorbed labeled antiglobulins.
Visualization of stained preparatioos. A high-
pressure mercury vapor bulb (Osram HBO-200)
mounted in a Reichert Lux U.V. lamp assembly
served as the light source. The microscope em-
ployed was the Reichert Biozet equipped with a
cardioid darkfield condenser. The use of proper
filters when applying fluorescent antibody pro-
cedures to the study of fungi is most important.
In this study we found that the combination of a
No. 5113 Corning Glass barrier filter and a Wratten
2A ocular filter completely eliminated the prob-
lems caused by autofluorescence of fungal
elements.
In recording staining reactions, the degree of
fluorescence was rated according to criteria similar
to those of Goldman (18) and Moody, et at. (I).
In this system, results were classified as —,
(no reaction), 1+, 2+, 3+, and 4+ (reaction).
Photomicrographs of stained preparations were
taken on 35-mm super-Anscochrome using ex-
posures of two to three minutes.
RESULTS
Staining of S. schenclcii in culture. Titration
experiments discloscd that excellent staining
reactions could be obtained in every case with
diluted antiglobulins. It was found that coaju-
gates identified as SS 1-1, SS 1-2, and SS 4-2
could be employed at a dilution of 1:4 each,
conjugates SS 2-1 and 55 2-2 at 1:10, and 55 4-1
at 1:12. At these dilutions, all six labeled antiglob-
ulins stained the yeast-phase cells of the eight
strains of S. schenckii tested. In these prepara-
tions the majority of the cells fluoresced at 4 +
and 3 + intensities. The walls of such spores were
particularly bright and contrasted sharply with
the interior of the cells and with the dark back-
ground of the preparation (Fig. 1A). In each
field there were always a number of spores that
fluoresced at lower levels.
All six immune conjugates stained mycelial-
phase elements of the eight strains of S. schenclcii.
However, the various fungal elements that make
up this phase fluoresced at varying degrees of
intensity (Fig. 2A). Conidia and actively growing
tips of hyphae usually exhibited 4 + and 3 +
staining. The older mycelium fluoresced at a
lower intensity or did not stain at all.
The mycelial- and yeast-phase elements of the
eight strains of S. schenclcii tested did not stain
when treated with the labeled normal globulins.
The individual elements exhibited autofluores-
cenee of a blue-gray color (Figs. 113, 2B). Fungal
elements that had not been treated with any
labeled globulin also manifested the characteristic
blue-gray innate fluorescence. Differentiation
between stained elements and autofluorescence
presented no problem.
Further proof for the specificity of the staining
reactions was afforded by results of the inhibition
and absorption studies. In the former test it was
observed that, in each case, staining of S.
.schenclcii elements was dramatically reduced
when treated with the mixture of labeled anti-
globulin and unlabeled immune serum. The
mixture of labeled antiglobulin and unlabeled
normal serum stained the fungal elements
brilliantly.
In the second test, staining reactions were com-
pletely eliminated by absorption of labeled
globulins with elements of S. schenckui.
Staining of heterologous fungi in culture. TJnder
the conditions employed in this study, the heterol-
ogous fungi tested did not stain when treated
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FIG. 3. Smears of lesion exudates from an experimentally infected mouse showing S. schenekii cells
stained with homologous fluorescein-laheled antiglobulin. X 625
with the prepared conjugates. The various
heterologous organisms studied showed auto-
fluorescence of grayish-bluc, bluish-pink, or
orange colors which could not be confused with
the characteristic yellowish-green fluorescence of
fluoreseein.
Staining of S. schenckii in clinical materials.
When treated with the labeled antiglobulins,
tissue-phase cells of S. schenckii were readily
detected in smears of pus prepared from the
experimentally infected mice. Such forms were
numerous and invariably stained at 4+ or 3+
intensities (Fig. 3). Treatment with the labeled
normal globulins did not stain the organisms.
When treated with labeled antiglobulins, the
tissue-phase cells of S. schenckii, although few in
number, were detected without difficulty in
smears prepared of purulent exudate from lesions
of three of the four human sporotriehosis eases.
All the forms observed fluoresced brightly (rated
as 4 + and 3+) and appeared in sharp contrast to
the bluish-gray autofluoreseenee of other ele-
ments in the smears. In the stained preparations,
the S. schenclcii cells showed a great range in
morphology. A few cigar-shaped forms were ob-
served, as well as single or budding oval, ellipti-
cal, bacilliform, and globose structures (Figs. 4A,
4B). In none of the stained smears did the total
number of stained cells found exceed 10. In most
of the preparations, less than five cells could be
found. Duplicate smears treated with labeled
normal globulins did not reveal stained S.
schenckii cells. However, it was possible to
visualize the organisms when such treated smears
were subsequently exposed to labeled immune
globulins.
Smears from a suspected human ease of
sporotriehosis, when stained by this technic, did
not reveal the presence of the organism. At-
tempts to recover the fungus by culture from
this patient were also unsuccessful.
DIscussIoN
The results of this study indicate that the
staining of S. schenclcii with fluorescent antibody
provides a simple, rapid, and specific method for
the laboratory diagnosis of sporotriehosis. The
technic has many possible applications. It can
be employed for the rapid identification of S.
schenckii isolates. Since labeled immune globu-
lins stain elements of both the yeast and mycelial
phases of this organism, the application of the
technic eliminates the necessity for conversion
when only one phase is on hand. The test could
also be employed for the rapid identification of
young colonies of S. schenckii, too immature to
allow identification through morphology. The
technic can also be used for the detection of
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this fungus in contaminated cnltu:es. At this
laboratory we have employed the test for identi-
fication of minute colonies of the yeast phase of
S. sehenekui contaminated with bacte. ia. In
stained smears it was readily possible to distin-
guish its fluorescent spores from the associated
unstained bacteria.
While the number of human eases involved in
this study was small, the results do point to the
potential value of the fluorescent antibody
technic for the rapid detection of S. seheoekui in
smears prepared from lesion exudates ..Uthough
few organisms were present in the preparations
obtained for study, they were observed without
difficulty when stained with labeled antibodies.
Expanded studies are required and are now in
progress to fully evaluate the practicality of this
technic in routine diagnostic work.
SUMMARY
This paper presents an account of a study to
assess the value of the fluorescent antibody tech-
nic for the rapid identification of S. schenekii in
culture and in clinical materials. With homolo-
gous fluoreseein-labeled rabbit antiglobulins, it
was possible to stain fungal elements of yeast- and
mycelial-phase cultures of eight strains of S.
schencicli. Conjugates prepared from normal
rabbit globulins did not stain these organisms.
The immunological specificity of the staining
reactions was further verified by inhibition and
absorption technics. Under conditions of this
study, cross-reactions with heterologous organ-
isms were not encountered as a problem.
S. srhenckii cells were readily detected by this
technic in smears prepared from lesion exudates of
experimentally infected mice and from three out
of four culturally proved eases of naturally ac-
quired human sporotriehosis.
The implications of the results for the rapid
diagnosis of sporotriehosis are discussed.
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